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Method of Prodndng an Endoprostbesis a$ a Joint Sabstitnfe for a Knee Joint 

[0001] The invdo&on relates to a method of producing an endoptosChesis as a joint 
substitute for knee joints and also to an operative set suitable for carrying out operations on 
Icnee joints utilising an endoprosdiesis which is produced in accordance wifli such a 
procedure. 

[0002] A surgical intervention on a knee jomt b usually taken into conaderation by 
the attending physician when flie patient coQq>lains about unbeaiable pain in the kneo and 
disabiUties as a consequence o^ e.g.» rfaeunutoid axfiititis or othor jofait diseases. The sui^pcal 
intervention mostly is carried out in a plurality of steps Sat obtaining an adaption to the single 
joint parts, that are manufictored industrially and are ai^Iable in differ^ sizes and sbqies. 
The parts selected for the surgical procedure are fitted finally to sawing surfices mainly of 
the femoral condyle flie distal femur, fiie proxhnal tibia and the patella. Herd>y a vertical 
alignment to an axis is sou£jh^ which is achieved befiire the surgical inteairention e,g., by a 
X-ray image end by a infromedullaiy pin align systm fyr the strai^ alignment connecting 
die center of the hip, the knee and the malleolus. 

[0003] The implantation of such multipart knee joint endoprosthesis is relative 
laborious* Kegarding the fi:equently relative vaiymg growth of the pati^t it thereby is 
disadvantageous, diat in sudi an only q)proxunat6d restore of the anatomical relations of a 
healthy knee joint, there occure complications which must be attributed to the mechaiucs of 
the implanted components of the endoprosthesis and result e.g^ in an anterior knee joint pain 
syndrome \^ch is caused by an incooect nonphysiological loading of the femur-patella 
gliding joint and of the femur^tibia jomt. 

[0004] For avoiding such complications^ winch frequenlly require repeated 

iiqplantations of a new endoprosthesis with the accompanying dlsadvant^e of a resection of 
further bone parts there is known already a procedine following patent DE 44 34 539 C2 by 
which by means of the computer tomography or nuclear spin resonance tomography an 
image of the damaged knee joint is prq)ared before the surgical intervention itself. This 
preoperative image gets subsequ^y a correction with respect to an approximation to the 
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contours at least in the femur and die tibia of the damaged knee joint to the contours of a 
healthy knee jobt After such a correction a virtual postoperative image of the damaged knee 
joint is prepared \^ich is disposable for a compaxison wdtfa a preoperative image^ From such, 
a comparison a subtraction image is then created which allows to detemiine fiom the 
opposition of the conected preoperative image and die postoperative image die difference of 
the contours at least in the femur and the tibia in bodi of the images. Based on this 
subtraction image die femoral and h^bial component of an endoprosthesis may be 
manufactured which tberefoie are tightly adapted individually to the anatomical relations of 
die damaged knee jomt 

[0005] The manuficturing of an endoprosthesis based on a special subtraction image 
practiced in diis procedure needs also because of the implementation of the heat: by necessary 
postoperative image additionally to die corrected preoperative image of the referriug joint 
part a higher computer expenditure. Therefore it is possible diat a raised number of soutices 
for errors occur by the later conversion of the finally stored data Sot the substraction hnages 
for die duee-dimeosiona] manufNotming components of the endoprosthesis. 

[0006] Hie object of the inv^on is dierefore to modify die procedure which works 
widi such tomogtsphic images to manufacture an endoprosQiesis, that (he attendmg physician 
can be provided an operative set for carrying out operations on knee joints m the 
therefore needed femoral and tibial components of the endoprosthesis are manu&ctured 
widiout recurtdng to an comparing image to find out the difii^tvices, which were 
ptedetemuned for the knee joint at a time before and after die operative intervention. 

[0007] This task Is resolved following die mvention by a procedure for producu^ an 

endoprosthesis as an joint substitute in knee jomts with die characteristics of die dauns 1 . 
Fiudier charactedstics of the procedure by which the invention i& suitable equipped result 
from the secondary claims which rdate to an advantageous apidlcation of die procedure to an 
operative set whidi results specially suitable for die pezfiirmance of knee joint operative 
interventions. 

[O008] In accordance with the pres^ invention therefore first a tomographic image 

of the damaged knee joint is prepared* This image may be obtained by compute* tomography 
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or preferable by nuclear spin resoixance tomograpby, which allows to separate the contouzs of 
the joints in a specially shaip maimer. 



[0009] The tomogcs^hic image of the damaged loiee joint subsequently is corteoted 
to an sppioximation to the contours at least of the femoral and the tibial joint parts of the 
damaged knee joint to the contours in a healthy Icnee joint. In this therefore virtual conation 
in a preferable ext^ed position of the knee the post^or and the lower joint sui&ce of the 
femur and the total tibial joint smfice are plotted for a de^red achiev^ent of more or less 
ideal contours in the later implantation of the endoprastfaeais during (be knee joint suigical 
intervention itself The correction her^y may be perforaaed manually m fiie originally 
created image or alternatively it i$ possible to perForm the correction by an image of a minor 
picture of a healthy knee jomt opposite to tbe damage knee joint This coirection can also be 
achieved by a comparison with pictmes of healthy knee joints that show comparable joint 
sur&ces at least of tbe &mur and the tibia to die damaged knee joint 

[OOOIOJ As soon as these corrections are concluded Oie corrected femoral and tibial 
joint parts are virtually separated fliat means segmented. The separation hereby is pei&imed 
on marked cutting planes which will be followed m the later surgical intervention for the 
separation poformed in die joint bones of the damaged joint parts. This separation will be 
defined on die femur of the damaged knee joint preferable widi three different cutting planes 
and hi tbe tibia with up to two cutting planes. Therefore visual patterns are obtained which 
directly are oriented in respect of the damaged knee joint which allo^ a preparation of ttie 
femoral and tibial component oongru^ to the femoral and tibial johxt parts of the fraioral 
and tibial components of an endoprosOiesis which is implanted in the later knee joint surgical 
int^endon. The ma±ed cutting planes hereby may be complemented visually widi pofbct 
fitting anoboring means in the later severing planes of the joint bone. Sudi anchoring means 
msy obtain e.g., promment pegs, which may 6e fitted snugly into associated peg holes of the 
resection planes. 

[OOOU] The resection planes marked for tihe separation of the conected femoral and 
tibial joint parts besides that are taken over for the manu&cturing of a virtual image of a 
template sq^aiate for tiie iemur and the tibia of die damaged knee joint vAidi will be used as 
a visual pattern &r a fhre&<limensional implantation aid snugfy congroent mtk 2l knee joint* 
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AccordiTig to the manufactariiig of the femoral and tibial component of the endoptosthesis 
therefore the virtual imago of such a template is used directly as well for the later 
tridbncosional manufacturing of an corresponding implantation aid for the single 
components of the endoprosthesis. Tlie sevCTUg planes taken over for the tenqylatc are 
represented in the inqslantation aid as guiding slots for an oscillating sawing blade, by which 
in the later surgjcal intervention a separation that means segmentatlcm of the damaged joint 
parts in the joint bones is p«ibnnod« Vfhesx prqsaring be vnlual image of the template 
therefore it also coirespondently has to be considered carefully, ttiat the later implantation aid 
may obtain in the damage knee such an exact positioning, so the sawing blade oriented for 
the resection of the damaged joint parts in &e guiding slots achieves severing planes in the 
joint bon^ vtduch are exactly congment with the fitting plane of the femoral and tibial 
components of the radoprostfaeais v^ch were defined by the marked severing planes of (heir 
visual pattern. Such templates and their implantation aids re^ectively are therefore to be 
designed in tfie form of caps to obtain an mveloping of the severing planes which fiierefore 
present tfiemselves in the template as a negative image of die lat^ resection plane of the joint 
bone which are obtained by means of the implantation aid in the later knee joint surgical 
intervention. 

[0012] Hie visual pattens for the femoral and tibia components of an endoprosthesis 
and for the femoral and tibial components of a corresponding implantation aid .are then 
processed for the manu&cturing of oongruoot three-dimensional parts. For die processing the 
so-called "Rapid Prototyping** ts available by ^ch so-called STL patterns are obtamed 
which may be used for the preparation as patterns for the production of mouldings in a 
castmg process. For the tibial component of the endoprosthesis hereby a metallic and a 
plastic part which are meant to achieve a central positioning between flie metallic part of the 
tibial component and the also as a metalUc component performed femomi comjpon^ of 
endoprosQiesis can be provided to be ananged in the johoit bone. For the manv&cturing of 
the implantation aid as well flie visual pattern of the tonplate are processed by the ^Rqiid 
Prototyping*' to provide conespondmg STL patterns, ^duch are made^ e.g.> of epoxy resin 
anid are forther provided widi those guiding slots corre^ondbig to ttie pattern given by the 
overtidoai marked seveiingplanes. 
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[0013] For the periannaoce of the knee joint swgical intervention for the attending 
physician therefore will be disposable an operative set oriented on die damaged knee joint 
consisting in femora] and tibial conq>onent6 of an endoprosthesis and femoral and tibial 
components of an coxtesponding intplantation aid mano&ctured dnougb fhs piocedure of the 
invention described brfore. After opening the knee joint, fiist In the tibia and subsequently in 
the femur the damaged joint pacts are separated tbzt means segmented using therefore the 
implantation aid to guide an oscillatixig sawing blade. So in the joint bone severing planes are 
obtained which snugly are congruent with die femoral and tibial components of the 
endoprosthesis which dien by taking advantage of the anchoring means may be anchored in 
die severing plane in a cementless procedure, la case of absence of special anchoring means 
tbe components of the ^doprosdieds may be ^ued direct!^ mfh die sevenng planes or 
altodmatively as well a so-called cemented procedure wiU find application to achieve an 
pliysiological perfect fitting for the components of the »dopro$tfaesis before the subsequent 
closing that ineans sewing of die knee joint 

[0014] The preparation of die oidc^rosdiesis may include die pr^aration of a 
component which will be used for the patella of the damaged knee joint The mediod could 
liurtber be also applied fi>r the perfoimance of surgical interventions in odier joints for 
example of the ankle joint, or of finger and toe joints, and it could also be used for all 
reconstructions of bone and cartilage tissue as well as soft tissues. 
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Patent Claims 

1. Method of producing an endoprosthesfs as articular subsfilute for knee Jdnts In 
the realisaDon of surg^ on the knee joint, comprising the folbm*ng steps: 

(a) production of a tomogiBphlc image of the damaged knee joint; 

(b) virtual conection of the tomographic image for appiioxifnating the contours 
of at least the femoral and tibial articular parts of the damaged knee Joint to 
their contours in an unaffected knee Joint; 

(c) virtual separation of the con'ected articular femoral and tibial parts as image 
models for the endoprosthests» with the separation being oanled out at 
marked cut surfaces that are spedfied for the detachment of damaged joint 
parts on the articular bones by the time of the subsequent surgkal opera* 
tlon; 

(d) transfer of the cut surfaces marked for the virtual detachment of the cor- 
rected femoral and tibial Joint parts for produdng a virtual image of a model, 
separately for the femur and the tibia of the damaged knee joint as image 
model of an implantation-assisting material congnient with priacise fit with 
the damaged knee joint, wherein the transfened cut surfaces are realised in 
the fomi of guiding slots that guide an osciDatlng saw blade in the subse* 



5-DEC-2Bffi 11:24 FROI: 01633814563 



TO: 900498954801910 



P:9^10 



quent surgical operation for the detachment carried out on the articular 
bones of the damaged joint parts; 

(e) production of the femoral and tibial components of the endoprosthesis and 
of three-dimensional femoral and tibial components of the corresponding 
implantation-assisting material on the basis of their image model. 

2. Method according to Claim 1« whereiri the conacfsd. femoral and tibial articular 
parts are completed in terms of Image at the marlced cut surfaces by precisely 
fitting anchorsge-asslsfing means far the subsequent three-dimensional compo- 
nents of the endoprosthesis at the resection surfaces on the arfloular bones. 

3. Method according to Claim 1 or 2, wherein the tomograi^lc images are produces 
by computer tomography or nuclear magnetic i^onence tomography. 

4. Method according to any of the Clairfis 1 to 3. wherein the virtual correction of 
the tomographic image of the damaged Icnee Joint Is carried out by hand or by 
means of the image of a min^or-image picture of an unaffected Icnee Joint of the 
patienli that Is opposite to the damaged knee Joint 

5. Method according to any of the Claims 1 to 3, whenain the virtual correction of 
the tomognaphic Image of the damaged knee Joint is canled out by a comparison 
against the images of unaffected knee Joints, which present articular surfaces at 
least cf the femur and the tibia, which are comparable to the damaged knee Joint 

6. Surgical opeiBlbh setfor cmn^^ng out surgery on knee JointSi comprising: 

(c1) femoral and tibial components of an endoprosthesis, which are derived 
from image models created by tomography of articular femoral and tibial 
parts that have been virtually detached at marked cut surfaces of an image 
of a damaged knee joint, which was created by tomography and corrected, 
and 

(d1) femoral and tibial components of .a three-dimensional implantation-assisting 
material, which are derived fmm image models of a model oriented towards 
the cut surfaces of the connected Image of the damaged knee joint, se^a« 
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1 rately for the femur and the tibia, vAih the out surfaces on the two femoral 

and tibial components of the implantation-assisting material being realised 
in the form of guiding slots for guiding an oscillating saw blade. . 

7. Surgical operation set according to Claim 6. wherein the femoral and tibia) 
components of the endoprosthesis are provided with spigot-shaped projections 
for fitting info bores drilled into the resectfon surfiaces of the articular bones on 
the damaged knee joinL 

.8, Surgical operab'on set according to Claim 6 or 7. wherein the tibial component of 
the endoprosthesis, is composed of a synthetic part and a metal part with the 
synthetic part presenting a central anangement between the metal part of the 
tibial component and the femoral part of the endopiQSthesIs» which is equally 
configured in the form of a rnetal part 



